Abstract-We present a new method for front-view gait biometrics which uses a single non-calibrated camera and extracts unique signatures from descriptors of a silhouette's deformation. The proposed approach is particularly suitable for identification by gait in the real world, where the advantages of completely unobtrusiveness, remoteness and covertness of the biometric system preclude the availability of camera information and where the CCTV images usually present subjects from an upper front-view. Tests on three different gait databases with subjects walking towards the camera have been performed. The obtained results, with mean CCR of 96.3%, show that gait recognition of individuals observed the front can be achieved without any knowledge of camera parameters. Moreover, the method has been applied to three different walking directions and the results have been compared with the algorithms found in literature. The performance of the proposed system is particularly encouraging for its appliance in surveillance scenarios.
I. INTRODUCTION Gait biometrics, which concerns recognizing individuals by the way they walk is a particularly challenging research area, where the potential for personal identification is supported by a rich literature, including medical and psychological studies [11] , [26] . The completely unobtrusiveness without any subject cooperation or contact for data acquisition make gait particularly attractive for identification purposes. Gait recognition techniques at the state of the art can be divided into 3D [5] , [25] and 2D approaches [27] , [43] . In the first group, identification relies on parameters extracted from the 3D limb movement. These methods use a large number of digital cameras and the 3D reconstruction is achieved after a camera calibration process. On the other hand, the 2D gait biometric approaches extract explicit features describing gait by means of human body models [6] , [28] or silhouette shape [37] , [39] . A rich variety of data has been collected for evaluation of 2D gait biometrics. The widely used and compared databases on gait recognition include: the University of South Florida [31] ; Carnegie Mellon University [13] ; and the University of Southampton [33] data. The majority of methods and databases found in the literature use a single camera positioned with specific orientations with respect to the subject's walking direction (generally capturing the walk from the lateral view) and a large number of papers for gait recognition have been published [16] , [27] .
In real surveillance scenarios, however, we need a system that operates in an unconstrained environment where maybe there is no information regarding the camera [42] and where the subject walks freely. Since CCTV cameras are usually placed on the top corners of buildings or on corridors' ceiling [9] , the subject's pose is generally captured from an upper front-view. Moreover, the recent applications of gait recognition in criminal investigation, like the case of the murderer of Swedish Foreign Minister Anna Lindh [23] , the bank robber in Noerager (Denmark) [20] and the burglar in Lancashire (United Kingdom) [1] , have shown how the frontview can be effectively used in forensic studies. Figure 1 shows some example images from CCTV which have been successfully used for criminal identification. Therefore, an automatic gait recognition system which does not depend on camera calibration and is able to recognise individuals walking towards the camera is attractive. 2D view-independent gait identification is a relatively new research area and the approaches found in literature tend to synthesise the sagittal view of the human body from other arbitrary views [12] , [18] , [35] or to extract gait parameters which are independent from the human pose [4] , [38] . The first choice is justified by the fact that the lateral view has demonstrated the recognition capability in many works [27] , [43] . However, it has been shown that a walking direction of 70°(considering 0°the lateral view) is the upper bound of these methods, thus the kinematic information from the front-view is not sufficient for the lateral reconstruction. There is a large number of silhouette-based approaches for 2D gait recognition [3] , [21] , [30] , but only few are tested on front-view images [7] , [34] , [38] . They present interesting results on a very limitative number of subjects (n = 4) or recognition rates lower than 82% if tested on a relatively larger dataset (n = 20).
The aim of this paper is to propose a novel biometric system for the front-view gait recognition and test it on a large number of subjects walking towards a camera from different gait databases. The method is based on the ability of human beings to recognize others from the front-view, where the body shape and its temporal variations are basic contributors to recognition [11] , [36] . The silhouette's variation is described via 3D moment invariants on the gait volume obtained as the set of temporal images. The gait signature, containing both static and dynamic parameters, is unique for every subject and includes information regarding both the upper and the lower limbs kinematics.
Comparative tests with other algorithms found in literature will show that the proposed method, even with a basic description of the silhouette's deformation, allows to recognise individuals by the way they walk not only from the front but also from others points of view. 
II. THE NEW METHOD
The proposed method for the front-view gait analysis is based on two consecutive steps: the gait cycle detection and the gait volume description. Figure 2 shows the basic steps of the algorithm.
A. Gait Cycle Detection
The detection of the gait cycle is generally the first step in gait analysis given the periodic nature of the gesture. In order to extract the walking figure from the background image, a background subtraction method is necessary which can be generated by a variety of methods. We use a standard background subtraction technique to segment the body's silhouette from the video sequence since the dataset is captured in a controlled environment [2] , [37] . More sophisticated approaches can be used in a more complex and less controlled environment.
Let IRGB (X, Y, T) be the RGB frames (of size R x C pixels) at time T = [tl,t2,.... t,p,,... tF] where (xi,y1) is the topleft corner of the image. By applying a background subtraction method based on the threshold of the 3 components of the color space YUV [40] , the binary image S(x, y, t,p) has been extracted. The pixels (xil, y,il ) containing the human silhouette have been extracted as the object with maximum area [14] . Figure 3 shows an example background subtraction.
Medical studies [26] , [29] suggests that human gait is a form of periodic motion and cyclic phases of the walking sequence can be extracted. Therefore, the body's pose during walking changes periodically and the upper and lower limbs move symmetrically [10] , [17] . Since * CASIA-B Gait Database [2] : 50 subjects, 6 videos per subject * CASIA-A Gait Database [2] , also known as NLPR : 20 subjects, 4 videos per subject, 3 different camera views (front, lateral, 450) The last dataset has been used in order to evaluate the performance of the algorithm with images captured from different view points, and to compare the results with other 2D methods found in literature. Example images from the databases are shown in figure 5 .
B. Results and Discussion
The new method for front-view gait recognition has been applied to the video sequences, the gait cycle has been extracted, the gait volume built and the feature vector, including the moment invariants, has been calculated.
Since the extracted signature depends on the moment's order 0, a quantitative study for choosing of the order which better describes the gait volume has been conducted. [3] , [4] , [7] , [8] , [21] , [30] , [38] . While Obviously the performance decreases from the lateral to the front-view, because of the decrease of information regarding the leg swing, but the decrease of CCR is higher than the other methods. The performance of [38] is the only one having a different trend, where the front-view presents a better performance. To this extent, the performance trend of our method with respect to the camera view appears similar to [7] , where the gait silhouettes are described by tiling one period gait subsequence in a 2D polar-plane.
The whole results demonstrate how the proposed approach allows the gait identification not only from the front-view, which is the main aim of this paper, but also from the lateral and 45 degrees views. Moreover, the recognition rates, with a mean value of 96.1%, are above the ones found in literature and are particularly encouraging for future tests on larger databases.
IV. CONCLUSIONS AND FUTURE WORKS
The remote and covert nature of gait as a biometric has continued the interest in this field. However, most approaches to date limit their application to the lateral view, or use camera calibration or even require the use of multiple cameras. Considering real scenarios, a system which estimates the gait parameters from a single view, without relying on the subject's pose or on camera calibration is required. Moreover, images from CCTV cameras usually present subjects from an upper front-view.
Therefore, this paper has introduced a novel method for the front-view gait biometrics where the subject's signature is extracted from the description of the silhouettes' deformation.
Tests on three different gait databases with subjects walking towards the camera have been performed and the obtained results have shown that gait recognition of individuals observed in the front-view can be achieved without any knowledge of camera parameters. Moreover, comparative results with algorithms found in literature reported that the approach can identify people also from the lateral and oblique view. Future developments will regard investigation of other techniques for the spatio-temporal volume description and further experimental tests in uncontrolled environments. The general applicability of the method and the obtained recognition rate are particularly encouraging for appliances in surveillance scenario.
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